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Abstract 
Background: In equids, health and welfare depend on body composition. A growing number of equids are now 
used as leisure and companion animals, and often found overfeed. The need for a close monitoring of body fatness 
led to the search for tools allowing a rapid and non‑invasive estimation of fatness. This study intends to assess real‑
time ultrasonography (RTU) usefulness in establishing a relationship between ultrasound measures of subcutaneous 
fat–plus–skin thickness (SF‑Skin) and body condition score (BCS) in horses and donkeys. Forty‑three healthy animals 
(16 donkeys and 27 horses) were used in this study to generate 95 records (RTU and BCS pairs), in multiple RTU ses‑
sions for 2 years. Using visual appraisal and palpation, BCS was graded in a 1–9 points scale. Real‑time ultrasonogra‑
phy images were taken using a 7.5 MHz linear transducer, placed perpendicular to the backbone, over the 3rd lumbar 
vertebra. ImageJ was used to measure the SF‑Skin on RTU images. The relation between BCS and SF‑Skin measure‑
ments was tested by linear and polynomial regression analysis.
Results: The BCS values were similar in horses (5.50; from 3 to 8 points) and donkeys (5.14; from 3 to 7 points). The 
SF‑Skin measures show a similar trend (a mean of 7.1 and 7.7 mm in horses and donkeys, respectively). A polynomial 
regression among BCS and SF‑Skin explained 92 and 77 % of the variation in donkeys and horses respectively. The 
coefficient of determination was considerably higher for the regression developed for donkeys compared with that 
of horses (R2 = 0.92 vs. 0.77, respectively), which reduced the accuracy of the method in horses. Both the linear and 
polynomial models tested show a strong relationship among BCS and SF‑Skin for donkeys (R2 > 0.91; P < 0.01) and 
horses (R2 > 0.74; P < 0.01), despite that the extremes for BCS did not existed in our sample.
Conclusions: Our results showed the potential RTU usefulness to monitor body fat in equids. Using a high‑frequency 
transducer and RTU together with image analysis allowed the identification of small SF‑skin variations. This report will 
support further studies on the relationships between SF‑Skin and BCS, particularly in extreme BCS scores.
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Findings
It is currently recognised that body fat is an important 
determinant of health status, productivity, reproductive 
efficiency and welfare in horses and donkeys [1, 2]. The 
body condition score (BCS) systems are currently used to 
assess body fat, though its ability to accurately reflect the 
adiposity in equine, has been challenged [3, 4]. Despite the 
simplicity in the use of body condition scoring, concerns 
were raised about the ability of untrained operators to 
accurately assess BCS [1, 5]. As a consequence, the search 
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for tools allowing a rapid, non-invasive and inexpensive 
estimation of body composition is continuously pursued. 
Due to their body size, imaging technologies such as X-ray-
computed tomography, dual-energy X-ray absorptiometry 
or magnetic resonance imaging, are of limited value for 
equids [3, 6]. Also the quantification of the equine body 
composition using gold standards—dissection and chemi-
cal analysis—is not practical as require intensive labour 
and the animals needs to be euthanized [3, 7]. Due to its 
operational characteristics, the real time ultrasonography 
(RTU), due to its operative characteristics, has been exten-
sively used in farm animal management to assess body fat 
reserves [8–10] and was recently extended also to equids 
[2, 7]. RTU presents several advantages: offers a good spa-
tial resolution, is reasonably priced, is well accepted and 
is easily performed on a standing animal under field con-
ditions [2]. Data from multiple studies in different farm 
species [10–13] validated the precision of ultrasound by 
comparison to post-mortem subcutaneous fat measure-
ments. However, RTU images require interpretation and 
sometimes the boundaries between tissues are not obvious 
[14, 15]. This is a problem that limits the accuracy of meas-
urement, particularly in animals with thin subcutaneous 
fat deposits [16], which lead to the inclusion of the skin in 
the measures, reducing the error [12, 14]. Another impor-
tant weakness is that the monitoring of subcutaneous fat is 
often limited to the evaluation of relatively superficial soft 
tissue structures with poor contrast; the use of a higher fre-
quency transducer allows overcoming this issue [14, 17].
Nowadays, horses and donkeys are frequently kept for 
leisure and are not entirely dependent of the available 
forages in ranging systems, and tend to be overfed and 
often under-exercised. Thereby, an increased tendency 
for developing overweight or obesity has been reported, 
with adverse effects on animals health. As a consequence, 
it became of utmost importance to efficiently surveil the 
equids BCS. This work intends to establish a comprehen-
sive relationship between ultrasound measures of sub-
cutaneous fat–plus–skin thickness (SF-Skin) and body 
condition score (BCS) in horses and donkeys using RTU 
image analysis and a 7.5 MHz transducer.
This study enrolled 43 animals (16 Asinina de Miranda 
breed donkeys and 27 Garrano breed horses). Data was 
obtained in 10 different sessions (6 in donkeys and 4 in 
Garrano) during a 2-year period. A total of 95 records (53 
representing donkeys and 42 horses) were obtained, com-
prising both the BCS evaluation and RTU image acqui-
sition. No particular inclusion criteria were imposed, 
targeting the largest variation possible in animals BCS. 
All the animals were considered healthy after a physical 
examination, and pregnancy was discarded as the sole 
exclusion criteria of this study.
Donkeys belong to the local breed association 
(AEPGA–Associação para o Estudo e Protecção do Gado 
Asinino) while Garrano horses belonging to several own-
ers and lived under traditional continuous grazing system 
in the region of Peneda-Gerês in the North of Portugal. 
Animals were kept under the natural photoperiod. Don-
keys were maintained in a 2500 m2 paddock with an area 
of 50  m2 offering shelter from rain, sun and wind and 
were fed with 5–7  kg of hay and straw per jenny. Dur-
ing winter, 200–400 g of concentrate per jenny was also 
distributed twice daily. Clean fresh water was available 
ad libitum. Horses were kept on a traditional continuous 
grazing system based on natural pastures in free-ranging 
conditions. Concentrate supplement was offered to the 
animals when pasture availability was too low: either in 
summer and/or winter, depending on the climate condi-
tions of the year.
The experiments were carried out in compliance with 
the Portuguese legal regulations for performing experi-
ments on animals, with the owners’ informed consent, in 
accordance with the International Ethical standards.
Body condition was scored by two independent opera-
tors using the visual appraisal and hand-palpation in six 
areas of the body (the neck, the withers, the loin, the tail 
head, the ribs and the shoulders). A nine points scale 
system (1-very emaciated; 9-extremely fat) was used in 
horses and donkeys, as described by Henneke et al. [18], 
and Quaresma et al. [2], respectively. The final BCS value 
resulted from the average of the grades obtained in the 
six body parts.
RTU images were taken with an ultrasound scanner 
(Aloka SSD 500 V, Aloka Inc., Tokyo, Japan) using a lin-
ear 7.5 MHz transducer (UST-5512U-7.5, 38 mm, Tokyo, 
Japan). After a preliminary assay to select the most suita-
ble spot to assess subcutaneous fat thickness, ultrasound 
scans were performed with the transducer placed at the 
animal´s back, over the 3rd lumbar vertebra, perpendicu-
lar to the backbone; all the images were collected on the 
left side of the animal.
The hair was trimmed at the measurement place and 
ultrasound gel (UltraPhonic, Codali, Newark, NJ, USA) 
was used as a coupling medium. The horses and donkeys 
were individually restrained during the ultrasound scan-
ning to minimize movements and to ensure they were 
standing in a normal position.
RTU images were captured in video, for which the 
ultrasound scanner was connected to a video camera 
(DCR-HC96E, Sony, Tokyo, Japan). At the laboratory, 
videos were displayed and the most suitable images 
were saved in 720 × 576 TIFF image format and stored 
for posterior image analysis. To eliminate subjective 
operator-to-operator differences, image acquisition and 
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measurements were done by only one experienced opera-
tor (SRS).
Using ImageJ software (version 1.38×, National Insti-
tutes of Health, USA), RTU images were analysed to 
determine the SF-Skin measures (Fig.  1). Over each 
image, three SF-Skin measurements were obtained; 
the average of these three measures was used for data 
analysis.
All the statistical analyses were performed with the 
JMP software (version 7; SAS Institute, Cary, NC, USA). 
For the BCS and SF-Skin for both donkeys and horses, 
the basic descriptive statistics [mean, standard devia-
tion, minimum and maximum values and coefficient of 
variation (CV)] were plotted. Regression analysis was 
performed to test the relationship between BCS and SF-
Skin measurements, using linear and polynomial regres-
sion models. The coefficient of determination (R2) and 
the root mean square error (RMSE) were used to test the 
accuracy of the estimates [19].
Table  1 summarises the data on the BCS and SF-Skin 
of donkeys and horses. Body condition score and SF-Skin 
values were rather similar for both species. Body con-
dition score in the horses enrolled in this study ranged 
from 3 to 8 points, with an average close to 5; their SF-
skin values ranged from 3.33 to 12.65  mm, the average 
being set at 7.09 mm. Similarly, the average BCS in don-
keys was 5.5, ranging from 3 to 7. The obtained SF-skin 
values ranged from 3.87 to 13.11  mm, with an average 
of 7.72  mm. In here, horses showed greater variation 
for BCS than donkeys (CV  =  28.4 and 16.5  %, respec-
tively), a trend also observed for SF-Skin measure-
ments (CV  =  25.0 and 30.9  %, for donkeys and horses 
respectively).
Figure 2 shows a histogram representing the frequency 
(percentage) of the body condition score of donkeys and 
horses. For both species a reduced number of animals 
were observed in the BCS 3 class and the majority of ani-
mals (91 and 60 %, for donkeys and horses respectively) 
were found among BCS 4 and BCS 6 classes.
The evaluation of linear and polynomial relationship 
(R2 and RMSE) between BCS and SF-Skin measure-
ments of donkeys and horses are presented in Table  2. 
The Linear and polynomial regressions are suited to 
explain (P  <  0.001) the relationship between the BCS 
and SF-Skin by for both donkeys and horses. Both the 
models explained up to 70 and 90 % of the SF-Skin vari-
ation in horses and donkeys respectively. But the best fit 
was observed with the polynomial models that showed 
a RMSE of 0.648 and 1.063 mm for donkeys and horses 
respectively.
The BCS and SF-Skin relationship were explained by a 
polynomial regression (Fig. 3). The coefficient of determi-
nation was considerably higher in the regression devel-
oped for donkeys than in the regression developed for 
horses (R2  =  0.92 vs. 0.77, respectively). These results 
correspond to an increased variation in SF-Skin within 
Fig. 1 Example of a RTU image taken over the 3rd lumbar vertebra. A 
subcutaneous fat (SF) plus skin thickness is highlighted
Table 1 Body condition score (BCS) and subcutaneous fat plus skin (SF-Skin) of donkeys (n = 53) and horses (n = 42)
Mean, standard deviation (±SD), range and coefficient of variation (CV)
a All SF-skin measures are in mm
BCS Horses Donkeys
N Mean ± SD Range CV (%) N Mean ± SD Range CV (%)
3 3 3.71 ± 0.38 3.33–4.10 10.24 1 3.87 3.87
4 9 5.49 ± 1.17 3.65–6.79 21.38 7 4.97 ± 0.66 4.25–5.67 13.29
5 6 6.39 ± 0.90 4.99–7.33 14.05 21 7.08 ± 0.74 5.78–8.33 10.45
6 10 6.76 ± 0.75 5.67–8.32 11.05 20 8.70 ± 0.68 7.69–9.98 7.81
7 7 8.23 ± 1.08 6.58–9.31 13.12 4 11.93 ± 1.33 10.31–13.11 11.18
8 7 10.48 ± 1.76 7.95–12.65 16.79
SF‑Skina 42 7.09 ± 2.19 3.33–12.65 30.9 53 7.72 ± 1.93 3.87–13.11 25.0
BCS 42 5.50 ± 1.56 3.00–8.00 28.4 53 5.14 ± 0.85 3.00–7.00 16.5
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each score of body condition in horses compared to that 
of the donkeys.
For over 50  years, ultrasound techniques have been 
used in farm species to predict carcass composition; par-
ticularly, RTU has been confirmed in the last two decades 
as a valuable tool to predict and monitor body compo-
sition in living animals [10] with a few reports already 
existing in horses [7, 13, 20] and donkeys [2]. However, 
the use of RTU to assess fatness in equines is still lim-
ited, despite that the equine industry would greatly ben-
efit from the development of imaging approaches capable 
of quantifying the body fat in living animals [3]. The pre-
sent work could bring a significant contribution to better 
understand the relationship between BCS and the thick-
ness of SF plus skin, in horses and donkeys. Data of BCS 
and SF plus skin using RTU were obtained over 2 years. 
It sought the widest possible range of BCS. Neverthe-
less, emaciated and obese animals were not easy to find, 
which limited the sample to animals with a BCS between 
3 and 8. The average BCS was similar in horses and don-
keys (5.50 and 5.14, respectively). It was akin to the BCS 
found in nonracing horses in Prince Edward Island [21], 
but lower than those reported by Dugdale et  al. [22]. 
Moreover, in general, emaciated and extremely obese 
animals are cause for concern and corrective measures 
are introduced to mitigate the situation [23]. Although 
Fig. 2 Histogram representing the frequency (percentage) body 
condition score class for donkeys and horses
Table 2 Linear and polynomial relationship between body condition score (BCS) and subcutaneous fat and skin (SF-skin) 
measurements in donkeys (n = 53) and horses (n = 42)
R2 coefficient of determination; RMSE the root mean square error
Specie Linear Polynomial
R2 RMSE P R2 RMSE P
Donkey 0.911 0.683 <0.001 0.921 0.648 <0.001
Horse 0.742 1.128 <0.001 0.772 1.063 <0.001
Fig. 3 Polynomial regressions between subcutaneous fat plus skin thickness and body condition score. In donkeys (black line and circles) and in 
horses (red line and open circles)
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our sample don’t include animals in the extremes of the 
body fat spectrum (BCS below 3 and above 8), the lin-
ear and polynomial models tested in the present study 
showed a strong relationship between BCS and SF-Skin 
for donkeys (R2 > 0.91; P < 0.01) and horses (R2 > 0.74; 
P < 0.01). This was supported by the results from other 
studies using ultrasound in horses, [13, 20, 24] which also 
report strong relationships between BCS and SF thick-
ness (correlation coefficients (r) ranged from 0.64 to 
0.92; P < 0.01) or donkeys [2] (r between 0.65 and 0.86, 
P < 0.01). For example, Gentry et al. [20] using ultrasonic 
fat measurements in mares at four different locations 
(tailhead, rump, 13th rib, and withers) found a stepwise 
regression analysis that explained 78 % of the BCS vari-
ation. Our results agree with those of Gentry et al. [20] 
and confirm the potential utility of the RTU to monitor 
fatness in horses.
Still, to monitor body fat over time by RTU implies the 
ability to identify small SF variations, for which the image 
analysis and a high frequency transducer may be helpful 
and very convenient. It has been suggested that the RTU 
accuracy for measure SF thickness (skin excluded) would 
be higher in fatter meat animals [16, 25], because of the 
error reduction associated with the ultrasound measure-
ment determination. Similarly, in horses Kane et al. [26] 
refer that the estimation of fat thickness by ultrasonog-
raphy is poorly correlated with the empty body fat when 
sites of lower fat thickness are used, due difficulties in 
their measurement. The increased difficulty to determine 
the smaller subcutaneous fat thickness and to clear iden-
tify the interface between the skin and subcutaneous fat 
led to the proposition to include the skin in SF measure-
ment [27–29]. In the present study, the image analysis 
and the use of the 7.5 MHz transducer allowed obtaining 
SF measurements with a resolution of 0.2  mm. Usually, 
RTU equipment contain an internal measurement sys-
tem which typically has a resolution of 1  mm [10] that, 
associated with the inclusion of skin on the RTU meas-
urements, reduce errors in determining the SF in animals 
with reduced BCS or in longitudinal studies aiming to 
identify small variations in SF.
The nonlinear nature of the relationship between BCS 
and SF thickness showed that for the highest scores, 
one increment point on BCS translates into a more pro-
nounced change in the SF-Skin measurement. This aspect 
was discussed by Argo et  al. [3], based on the previous 
work of their team [4, 22], who defend that BCS may be 
a useful predictor of body fatness in animals in thin and 
moderate conditions but would not be a precise predictor 
of body fatness in overweight or obese individuals. This is 
also observed by Martin-Rosset et al. [30] who also found 
an exponential relationship between BCS and body fat 
content in 20 horses. Similar concerns have been raised 
in dairy cows and lambs [31, 32], which may limit the 
BCS usefulness as a toll to monitor is body fat variations 
in horses, particularly when fat content is too variable 
or in marks above 8 [22]. Dugdale et al. [22] stressed the 
need to identify more objective measurements of body 
fat in animals, especially for those in the moderate to the 
obese condition. Actually, adequate descriptors to distin-
guish the different levels of obesity of animals are lack-
ing once skeletal landmarks become hidden by superficial 
adipose tissue [33]. However, that is not the case when 
using RTU. Furthermore, the differences in the accuracy 
given by the developed equations in the present study 
reinforce the need to establish models for each species 
separately.
This study proved the existence of a strong relation-
ship between BCS and SF-Skin ultrasound measurement 
and showed that the RTU technique is able to measure 
variations of adiposity of equids. It also showed that spe-
cies differences exist on the relationship between BCS 
and SF-Skin, as transposed to the linear and polynomial 
regressions generated in here. Future work enrolling a 
larger cohort of animals of different breeds and types, as 
well as including animals in the extreme BCS marks is 
recommend to sustain the results presented herein.
Abbreviations
BCS: body condition score; CV: coefficient of variation; R2: coefficient of 
determination; RMSE: root mean square error; RTU: real‑time ultrasonography; 
SF‑Skin: subcutaneous fat–plus–skin thickness.
Authors’ contributions
SRS and ASS conceived and designed the study. SRS, ASS, MQ were involved 
in data collection from horses and donkeys. SRS performed image analysis 
and extracted the corresponding data. SRS, CMG, ASS and RP‑C contributed 
to the manuscript writing and the reviewing of the literature. All authors read 
and approved the final manuscript.
Author details
1 CECAV‑Centro de Ciência Animal e Veterinária, Universidade de Trás‑os‑
Montes e Alto Douro, Quinta de Prados, 5000‑801 Vila Real, Portugal. 2 EUVG‑
Escola Universitária Vasco da Gama, Campus Universitário, Bloco B, Lordemão, 
3020‑210 Coimbra, Portugal. 3 CITAB, Universidade de Trás‑os‑Montes e Alto 
Douro, Quinta de Prados, 5000‑801 Vila Real, Portugal. 
Acknowledgements
This work was supported by the Portuguese Science and Technology Founda‑
tion (FCT) under Project PEst‑OE/AGR/UI0772/2014.
Competing interests
The authors declare that they have no competing interests.
Declaration
Publication charges for this article were funded by the research platform 
Future Animal Health and Welfare at the Swedish University of Agricultural 
Sciences.
About this supplement
This article has been published as part of Acta Veterinaria Scandinavica 
Volume 58 Supplement 1, 2016: Animal Obesity—causes, consequences and 
comparative aspects: current research. The full contents of the supplement 
are available online at http://www.actavetscand.biomedcentral.com/articles/
supplements/volume‑58‑supplement‑1.
Page 42 of 42Silva et al. Acta Vet Scand 2016, 58(Suppl 1):62
Availability of data and materials
The generated data supporting the conclusions of this article are summarized 
in the tables. The dataset may be made available upon request.
Ethics approval and consent to participate
Animal handling and data collection were performed with the informed con‑
sent of owners, in compliance with the national regulations and the European 
Council Guidelines (Directive 2010/63/EU) for protection of animals used for 
experimental purposes, and respecting Animal Care and Welfare protocols. 
Animal handling was coincident with routine clinical manipulations (deworm‑
ing or vaccination) to minimize the stress for the animal.
Published: 20 October 2016
References
 1. Hemsworth LM, Jongman E, Coleman GJ. Recreational horse welfare: the 
relationships between recreational horse owner attributes and recrea‑
tional horse welfare. Appl Anim Behav Sci. 2015;165:1–16.
 2. Quaresma M, Payan‑Carreira R, Silva SR. Relationship between ultrasound 
measurements of body fat reserves and body condition score in female 
donkeys. Vet J. 2013;197:329–34.
 3. Argo CM, Dugdale AHA, Curtis GC, Morrison PK. Evaluating body com‑
position in living horses: where are we up to? In: Maltin CA, Craigie C, 
Bunger L, editors. Farm animal imaging. Copenhagen, Ingliston: Quality 
Meat Scotland; 2014. p. 12–7.
 4. Dugdale AHA, Curtis GC, Harris PA, Argo CM. Assessment of body fat 
in the pony: part I. Relationships between the anatomical distribution 
of adipose tissue, body composition and body condition. Equine Vet J. 
2011;43:552–61.
 5. Mottet R, Onan G, Hiney K. Revisiting the Henneke body condition scor‑
ing system: 25 years later. J Equine Vet Sci. 2009;29:417–8.
 6. Scholz AM, Bünger L, Kongsro J, Baulain U, Mitchell A. Non‑invasive meth‑
ods for the determination of body and carcass composition in livestock: 
dual‑energy X‑ray absorptiometry, computed tomography, magnetic 
resonance imaging and ultrasound: invited review. Animal. 2015;9:1–15.
 7. Superchi P, Vecchi I, Beretti V, Sabbioni A. Relationship among BCS and fat 
thickness in horses of different breed, gender and age. Ann Res Rev Biol. 
2014;4:354–65.
 8. Schroder UJ, Staufenbiel R. Invited review: methods to determine body 
fat reserves in the dairy cow with special regard to ultrasonographic 
measurement of backfat thickness. J Dairy Sci. 2006;89:1–14.
 9. Bewley JM, Schutz MM. Potential of using new technology for estimating 
body condition scores. In: Proceedings of the 18th annual tri‑state dairy 
nutrition conference, Fort Wayne, Indiana, USA; 2009. p. 23–38.
 10. Silva SR, Cadavez VP. Real‑time ultrasound (RTU) imaging methods for 
quality control of meats. In: Sun DW, editor. Computer vision technology 
in the food and beverage industries. Cambridge: Woodhead Publishing; 
2012. p. 277–329.
 11. Allen P. Measuring body composition in live meat animal. In: Wood JD, 
Fisher AV, editors. Reducing fat in meat animals. London: Elsevier; 1990. p. 
201–54.
 12. Thwaites CJ. Ultrasonic estimation of carcass composition—a review. 
Aust Meat Res Comm. 1984;47:1–32.
 13. Westervelt R, Stouffer JR, Hintz HF, Schryver HF. Estimating fatness in 
horses and ponies. J Anim Sci. 1976;43:781–5.
 14. Silva SR, Afonso JJ, Santos VA, Monteiro A, Guedes CM, Azevedo JMT. 
In vivo estimation of sheep carcass composition using real‑time 
ultrasound with two probes of 5 and 7.5 MHz and image analysis. J Anim 
Sci. 2006;84:3433–9.
 15. Szabo TL. Diagnostic ultrasound imaging: inside out. Hartford: Academic 
Press Series in Biomedical Engineering; 2004.
 16. Stouffer JR. History of ultrasound in animal science early pioneers in 
animal science. J Ultrasound Med. 2004;23:577–84.
 17. Goddard PR. General principles. In: Goddard PJ, editor. Veterinary ultra‑
sonography. Wallingford: CAB International; 1995. p. 1–19.
 18. Henneke D, Potter G, Kreider J, Yeates B. Relationship between condition 
score, physical measurements and body fat percentage in mares. Equine 
Vet J. 1983;15:371–2.
 19. MacNeil MD. Choice of a prediction equation and the use of the selected 
equation in subsequent experimentation. J Anim Sci. 1983;57:1328–36.
 20. Gentry LR, Thompson DL, Gentry GT. The relationship between body 
condition score and ultrasonic fat measurements in mares of high versus 
low body condition. J Equine Vet Sci. 2004;24:198–203.
 21. Christie JL, Hewson CJ, Riley CB, McNiven MA, Dohoo IR, Bate LA. 
Management factors affecting stereotypies and body condition score in 
nonracing horses in Prince Edward Island. Can Vet J. 2006;47:136–43.
 22. Dugdale AHA, Grove‑white D, Curtis GC, Harris PA, Argo CM. Body 
condition scoring as a predictor of body fat in horses and ponies. Vet J. 
2012;194:173–8.
 23. Argo CM. Feeding thin and starved horses. In: Geor RJ, Harris PA, Coenen 
M, editors. Equine applied and clinical nutrition. Amsterdam: Elsevier; 
2013. p. 503–11.
 24. Gee EK, Fennessy PF, Morel PCH, Grace ND, Firth EC, Mogg TD. Chemical 
body composition of 20 thoroughbred foals at 160 days of age, and 
preliminary investigation of techniques used to predict body fatness. N Z 
Vet J. 2003;51:125–31.
 25. Mclaren DG, Novakofski J, Parrett DF, Lo LL, Singh SD, Neumann KR, 
Mckeith FK. A study of operator effects on ultrasonic measures of fat 
depth and longissimus muscle area in cattle, sheep and pigs. J Anim Sci. 
1990;69:54–66.
 26. Kane RA, Fisher M, Parrett D, Lawrence LM. Estimating fatness in horses. 
In: Proceedings of the 10th equine nutrition and physiology symposium. 
Urbana; 1987. p. 127–31.
 27. Kempster AJ, Arnall D, Alliston JC, Barker JD. An evaluation of two ultra‑
sonic machines (Scanogram and Danscanner) for predicting the body 
composition of live sheep. Anim Prod. 1982;34:249–55.
 28. Silva SR, Gomes MJ, Dias‑da‑Silva A, Gil LF, Azevedo JMT. Estimation 
in vivo of the body and carcass chemical composition of growing lambs 
by real‑time ultrasonography. J Anim Sci. 2005;83:350–7.
 29. Thériault M, Pomar C, Castonguay FW. Accuracy of real‑time ultrasound 
measurements of total tissue, fat, and muscle depths at different measur‑
ing sites in lamb. J Anim Sci. 2009;87:1801–13.
 30. Martin‑Rosset W, Vernet J, Dubroeucq H, Arnaud G, Picard A, Vermorel M. 
Variation of fatness and energy content of the body with body condition 
score in sport horses and its prediction. In: Saastamoinen MT, Martin‑Ros‑
set W, editors. Nutrition of the exercising horse. Wageningen: Wagenin‑
gen Academic Publishers; 2008. p. 167–76.
 31. Gregory NG, Robins JK, Thomas DG, Purchas W. Relationship between 
body condition score and body composition in dairy cows. New Zeal J 
Agric Res. 1998;41:527–32.
 32. Ripoll G, Joy M, Sanz A. Estimation of carcass composition by ultrasound 
measurements in 4 anatomical locations of 3 commercial categories of 
lamb. J Anim Sci. 2010;88:3409–18.
 33. Carter RA, Dugdale AHA. Assessment of body condition and bodyweight. 
In: Geor RJ, Harris PA, Coenen M, editors. Equine applied and clinical nutri‑
tion. Amsterdam: Elsevier; 2013. p. 393–404.
